INTRODUCTION {#sec1-1}
============

Cervical lymphadenopathy is usually defined as cervical lymph nodal tissue measuring more than 1 cm in diameter.\[[@ref1][@ref2]\] In India, the most common cause of cervical lymphadenopathy in children is tuberculosis.\[[@ref3]\] Ultrasonography (USG) has been introduced into the evaluation of cervical lymphadenopathy as a non-invasive examination. A lot of work has been done on the role of USG for the evaluation of cervical lymphadenopathy\[[@ref4]--[@ref7]\] in the context of the Western population where tubercular cervical lymphadenopathy is a rare entity. Moreover, there is no exclusive pediatric series comparing various etiologies of chronic cervical lymphadenopathy.

The purpose of the present study was to assess the usefulness of USG in the differentiation of causes of chronic cervical lymphadenopathy, viz. cervical tubercular lymphadenitis, from malignant lymphoma and metastatic lymph nodes in children.

MATERIALS AND METHODS {#sec1-2}
=====================

This was a prospective study from February 2009 to February 2011. An informed consent was taken from each child\'s parents/guardian. The study was approved by the hospital ethical committee. The criterion for selection of the patients was palpable cervical lymph nodes for more than 1 month duration. After a thorough clinical evaluation and USG of the cervical nodes, fine needle aspiration cytology (FNAC)/biopsy of the clinically palpable lymph node from the same site was performed. The cervical lymph nodes were classified as described by Hajek *et al*.\[[@ref8]\]

USG Evaluation of Cervical Lymphadenopathy {#sec2-1}
------------------------------------------

Ultrasonographic examinations were performed using 7.5 MHz linear transducer (Logic 400, Wipro GE, Bangalore, Karnataka, India). The measurements were made in the plane that showed a maximum cross-sectional area of the node. All cervical lymph nodes detected on ultrasonography were included in the study. Author 3, who was blinded about the FNAC/biopsy report to avoid any bias, read the sonograms.

Ultrasonographic characteristics of the nodes included delineation of multiple lymph nodes, irregular margins, tendency towards fusion, internal echoes, the presence of strong echoes, and posterior enhancement. Multiple lymph nodes were defined as involvement of more than two nodes. Partial or complete disappearance of a borderline echo between the lymph nodes was defined as fusion or matting. The internal echo of lymph nodes was assessed for the presence of hypoechoic echogenicity, i.e. hypoechoic central portion of the node as compared with the peripheral portion of the node. The irregular margin was defined as fine alteration of the node margin. The strong echoes were defined as single or multiple coarse, high-echo spots located focally either in the central or the peripheral area in the nodes. When the structures posterior to the lymph node were more echogenic than neighboring structures, it was classified as having acrogenic thin layer or posterior enhancement.

The shape of the cervical nodes was assessed by the L/S (long axis to short axis) ratio. A L/S ratio \<2 indicated a round node, whereas a L/S ratio \>2 indicated an oval or elongated node. An abnormal lymph node with a L/S ratio \<2 was considered a positive result for malignancy.\[[@ref9][@ref10]\]

The nodal hilus was identified as an intranodal echogenic structure continuous with the surrounding fat. The lymph nodes with a sharp border were considered to be abnormal. In case of non-cooperation, the patients were sedated. The results were analyzed by the Fisher\'s exact probability test.

RESULTS {#sec1-3}
=======

There were 120 patients. All the patients had palpable cervical lymph nodes. The mean age of the patients was 6 years (range 3--11 years). The duration of illness was 1 month to 6 months in 52 (43.33%) patients, 6 months to 1 year in 28 (23.33%) patients, 1--2 years in 24 (20%) patients and more than 2 years in 16 (13.33%) patients.

Clinically, a total of 192 lymph nodes were detected. There were 30 (15.63%) nodes in the submental and submandibular groups, 21(10.94%) in the upper cervical group, 45 (23.44%) in the middle cervical, 41 (21.35%) in the lower cervical and 55 (28.65%) in the posterior triangle groups. The total number of patients having enlarged submental and submandibular lymph nodes was 24 (20%). Sixteen (13.33%) had upper cervical lymphadenopathy, 28 (23.33%) had mid cervical and 25 (20.83%) had lower cervical lymphadenopathy. The remaining 27 (22.5%) had posterior triangle lymphadenopathy.

FNAC/biopsy revealed tuberculosis in 68 (56.67%), lymphoma in 30 (25%), metastatic in 16 (13.33%) and indeterminate in six (5%) of the patients. The most common cause of cervical lymphadenopathy was tuberculosis \[[Table 1](#T1){ref-type="table"}\].

###### 

Pathological involvement of various groups of cervical nodes according to their site (numbers in the brackets are percentages of the respective group)

![](JIAPS-17-58-g001)

On ultrasonography, besides presence of hilus and sharp margins, all other findings were more commonly seen in the tubercular group \[[Table 2](#T2){ref-type="table"}, Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\]. All nodes in one patient showed the same characteristics.

###### 

Ultrasonography findings of the cervical lymph nodes and their correlation with the cytological diagnosis

![](JIAPS-17-58-g002)

![Well-defined, hypoechoic, oval lesions in cervical nodes. Echogenic thin layer is absent and margins are regular, suggestive of either metastasis or malignant lymphoma](JIAPS-17-58-g003){#F1}

![Multiple, well-defined hypoechoic nodes with echogenic thin layer and strong internal echoes suggestive of tuberculosis. The vertical arrows are pointing toward the echogenic thin layer and the transverse arrowhead is pointing toward the internal echo](JIAPS-17-58-g004){#F2}

For pairwise comparison of the four pathological types (viz. tuberculosis, lymphoma, metastasis and indeterminate), two-tailed Fisher\'s exact test was performed for each of the six variables, i.e. strong internal echoes, hypoechoic center, echogenic thin layer, matting, presence of hilus and sharp margins. Except sharp margins, all other USG findings were more commonly noticed in tubercular lymphadenitis as compared with lymphoma. Except for presence of hilus and sharp margins, all other USG findings were more commonly noticed in the tubercular lymphadenitis as compared with metastasis. The difference was statistically significant for all these findings (*P* \< 0.001). There was no statistically significant difference between malignant lymphoma and metastatic group for any USG finding. The total number of lymph nodes detected by USG was 484.

According to the L/S ratio, the distribution of pathological types is presented in [Table 3](#T3){ref-type="table"}. The maximum lymph nodes, 332 (68.59%), had L/S ratio \>2. On pairwise comparison of the different cytological diagnoses in the L/S ratio \>2 group, the difference was statistically significant in comparison of tuberculosis with malignant lymphoma and metastasis (*P* \< 0.05). The difference between malignant lymphoma and metastasis was insignificant (*P* \> 0.05).

###### 

Ultrasonography evaluation of cervical lymph nodes based on L/S ratio (long axis to short axis ratio)

![](JIAPS-17-58-g005)

The screening criteria of the various etiologies are presented in [Table 4](#T4){ref-type="table"}.

###### 

Screening criteria of the diagnosis of various pathological conditions

![](JIAPS-17-58-g006)

DISCUSSION {#sec1-4}
==========

Enlarged cervical lymph nodes are common in children.\[[@ref11]\] During the first 6 years of life, neuroblastoma and leukemia are the most common tumors associated with cervical lymphadenopathy, followed by rhabdomyosarcoma and non-Hodgkin\'s lymphoma. After 6 years, Hodgkin\'s lymphoma is the most common tumor associated with cervical lymphadenopathy, followed by non-Hodgkin\'s lymphoma and rhabdomyosarcoma.\[[@ref11]\]

The present study was a prospective study in which 120 children were selected as a study group, all having palpable neck node as the selection criterion. We included only chronic cases in our study having symptoms for at least 1 month. Apart from tuberculosis, other causes of infectious chronic cervical lymphadenitis are non-tuberculous mycobacteria,\[[@ref12]\] cat scratch disease and fungal, parasitic and opportunistic infections like nocardia, actinomyces, toxoplasma gondii, and histoplasma capsulatum etc.\[[@ref1]\]

In our study, tuberculosis involved any group of lymph nodes, but the supraclavicular group was most commonly involved. All causes of metastasis were infraclavicular and, hence, commonly involved the supraclavicular group. The lymphoma involved the submandibular group and the jugular group. These findings have also been noticed by others;\[[@ref13][@ref14]\] however, their study subjects were not solely children. Thus, site of the affected lymph node may provide some idea as to which pathology is affecting the nodes.

Chang *et al*.\[[@ref9]\] noticed that benign lymph nodes had a significantly larger L/S ratio than did malignant nodes.\[[@ref9][@ref15]\] Na *et al*.\[[@ref10]\] noticed that L/S ratio \<2 had a sensitivity of 85% and a specificity of 61% for malignancy, which has not been supported by Moritz *et al*.\[[@ref16]\] We have, however, noticed the ratio to be of benefit in children.

Asai *et al*.\[[@ref5]\] reported that strong internal echoes and echogenic thin layer were characteristic of tubercular cervical lymphadenopathy. We had noticed strong internal echos in about 50% of our study group and echogenic thin layer in about 90% of the patients, suggesting that strong internal echoes are probably more commonly seen in children. The strong echo histologically reflected calcification or hyalinosis in caseous necrosis of the lymph nodes. The echogenic thin layer histopathologically corresponded to a specific granuloma tissue layer surrounding a caseous necrosis. It is to be noticed that hypoechoic mass is the common finding described in the literature as characteristic of tubercular lymphadenopathy,\[[@ref5][@ref17]\] which was also noticed by us.

Tuberculous nodes are predominantly hypoechoic, which is probably related to the high incidence of intranodal cystic necrosis.\[[@ref13]\] The metastatic nodes are usually hypoechoic when compared with the adjacent muscles. However, metastatic nodes from papillary carcinoma of the thyroid tended to be hyperechoic.\[[@ref13][@ref18]\] Lymphomatous nodes were previously reported to have a "pseudocystic" appearance, hypoechoic with posterior enhancement. However, with the use of newer transducers, lymphoma nodes demonstrate intranodal reticulation, and the pseudocystic appearance is less likely to be seen.\[[@ref12]\] The same findings have been noticed by us in children.

The matting of the lymph nodes is common in tuberculous lymphadenitis, and is believed to be due to the periadenitis.\[[@ref13]\] As matting of lymph nodes is common in tuberculosis, it is a useful feature in distinguishing tuberculosis from other diseases.\[[@ref4]\] In tuberculosis, node borders are not sharp probably due to active inflammation of the surrounding soft tissues.\[[@ref13]\] Malignant nodes (including metastases and lymphoma) tend to have sharp borders, whereas benign nodes usually do not have such sharp borders.\[[@ref19]\]

The requirement of sedation during the scan has not been described specifically in the literature. We had, however, used sedation for proper evaluation of the patients in case of apprehension and non-cooperation. The use of sedation is an option when patient motion prevents smooth and complete scanning of the cervical nodes.

The limitation of our study is that a large proportion of indeterminate biopsies have not been considered in the context of the utility of ultrasound for differentiating malignant and benign nodes, but it is due to the fact that the focus of this article is differentiation of tuberculosis, lymphoma and metastasis.

There are many adult series evaluating the satisfactory role of ultrasonography to help in differentiating different causes of chronic cervical lymphadenitis.\[[@ref4][@ref5][@ref10][@ref18][@ref20]\] Our series is probably the first pediatric series evaluating the usefulness of ultrasonography for chronic cervical lymphadenitis.

Thus, it can be concluded that use of ultrasonography is feasible as a non-invasive tool for nodal evaluation in children. It may be used to differentiate cervical lymphadenopathy with different etiologies in children. When correlated clinically, it may avoid biopsy/FNAC in a patient.
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